Abstract Moderate alcohol consumption (one to two drinks per day) has been associated with better cognitive function and lower risk of developing dementia in the elderly. In light of alcohol's well-known neurotoxic properties, more evidence from well-controlled population-based studies is required. The objective of this study was to examine whether self-reported alcohol intake at age 70 is linked to cognitive function (assessed by trail making tests (TMTs) A and B, which are measures of attention, mental speed, and flexibility) in a population-based cohort consisting of 652 cognitively healthy elderly men. Linear regression models were used to assess both cross-sectional (i.e., age 70) and prospective (i.e., age 77) associations between alcohol intake and cognitive function. The analyses were adjusted for education, body mass index, energy intake, self-reported physical activity, smoking, a history of hypertension or diabetes, apolipoprotein E ε4 status, and cholesterol levels at the age of 70. Baseline data were obtained from 1990 to 1996. Self-reported alcohol intake (mean 6.9±7.1 g/day) was associated with better performance on TMT-B at ages 70 and 77 (β=−0.87, p<0.001). In contrast, alcohol intake was not predictive of the difference in performance on these tests between ages 70 and 77. Despite cross-sectional associations with performance in a test of executive functioning, moderate intake of alcohol was not linked to differences in cognitive performance between ages 70 and 77 in the present study. Thus, our findings do not support the view that daily moderate alcohol consumption is a recommendable strategy to slow cognitive aging in elderly populations.
Introduction
Previous studies have shown that moderate alcohol consumption (one to two drinks per day) is linked torisk of developing dementia in late life (Huang et al. 2002; Ruitenberg et al. 2002; Weyerer et al. 2011) . Possible mechanisms underlying these findings may include, e.g., elevations in HDL cholesterol (Moore and Pearson 1986) and preservation of the brain vasculature (Sacco et al. 1999) ; factors that may also account for a lower risk of cardiovascular events among moderate alcohol drinkers (Rimm et al. 1996) . Such results have led researchers to include moderate alcohol intake in dietary guidelines as a useful and evidence-based strategy to slow the processes of brain aging (e.g., Neafsey and Collins 2011) . However, there is also evidence to the contrary, varying from no effects up to negative health effects of moderate alcohol intake on brain health (Dent et al. 1997; Cervilla et al. 2000; de Bruin et al. 2005) . For instance, in a recent brain magnetic resonance imaging study, habitual intake of low to moderate amounts of alcohol in middle-aged men has been linked to lower gray matter volume in regions typically affected during the early stages of dementia, such as the frontal lobe (de Bruin et al. 2005) .
Based on these controversial findings, it is obvious that more evidence from population-based studies is required before health professionals can recommend moderate alcohol intake as a strategy to slow cognitive aging to the public. Against this background, in the present study, both cross-sectional and prospective associations between alcohol consumption and cognitive function (using trail making tests, which are measures of age-related cognitive decline (Giovagnoli et al. 1996) ) were examined in a cohort of cognitively healthy elderly Swedish men.
Methods

Sample
The study is based on the cohort of the Uppsala Longitudinal Study of Adult Men (http://www.pubcare. uu.se/ULSAM/), an epidemiological study that aims to identify metabolic risk factors for CVD, to which all 50-year-old men living in Uppsala County were invited between 1970 and 1974. From this initial cohort of 50-year-old men (n=2,322), 1,221 men were restudied 20 years later, which is the baseline of the current study. Importantly, at age 50, neither cognitive functions nor dietary intake was measured. Of the 70-year-old men that completed the cognitive function tests (n=986), 674 completed the cognitive tests at the age of 77 (Fig. 1) . The 235 men who did not complete the cognitive tests reported lower alcohol intake (4.7±5.6 g/day) as compared to the 986 who did complete the cognitive tests (6.8±7.8 g/day); self-reported alcohol intake of those lost to follow-up between ages 70 and 77 did not differ from those included. We excluded individuals of whom data on self-reported alcohol intake were missing (n=10) and of whom scores on the mini-mental state examination (MMSE) were below 25 points (n=12) to study only those with normal cognition (n=652) (Mungas 1991) . All subjects gave written consent, and the regional ethics committee of Uppsala (EPN) approved the study.
Assessments
The baseline investigation ( (Stampfer et al. 2005) , genotyped by mini-sequencing.
Alcohol intake
Subjects completed five questions regarding alcohol intake on a standardized questionnaire, formulated as follows: How much light beer/cider (number of bottles) do you usually drink per week?; How much medium-alcohol beer (number of bottles) do you usually drink per week?; How much high-alcohol beer (number of bottles) do you usually drink per week?; How much wine (number of glasses) do you usually drink per week?; and How much liquor (number of milliliters) do you usually drink per week? The answers were transformed into grams of alcohol per week. These responses have been validated by a 7-day precoded dietary record that the subjects were instructed to complete (Risérus and Ingelsson 2007) . For men, moderate alcohol intake is considered to be Abbreviations: MMSE mini-mental state examination, BMI body mass index, HDL high-density lipoprotein, LDL low-density lipoprotein, APO-E apolipoprotein E a One standard drink equals 12 g of pure alcohol (Carlsson et al. 2003) , and alcohol intake between 0 and 1.0 g is excluded from this categorization (Stampfer et al. 2005) no more than two drinks per day (e.g., Carlsson et al. 2003; Panza et al. 2012) .
Cognitive function tests
The MMSE (Folstein et al. 1975 ) and trail making tests (TMTs) A and B (Lezak 1995) were used. The MMSE is a frequently used screening test for dementia and cognitive decline. It is easy to administer and has high replicability but is insensitive to minor dysfunction. We used MMSE scores to define a cognitively healthy study population, including only those with scores ≥25 points indicating normal cognition.
Lower scores indicate mild (21-24 points), moderate (10-20 points), or severe (≤9 points) cognitive impairment (Mungas 1991 ). In the TMT-A, the subject is asked to draw lines between a set of numbers (digits 1-25) that is distributed over a paper in the right order as fast as possible. In the TMT-B, a set of letters is added (A-L). The subject draws lines to connect the characters in an ascending pattern but with the added task of alternating between the numbers and letters (i.e., 1-A-2-B-3-C-… etc.). Scores of the TMTs are equal to the time of completion of the test. One of the authors (L.K.) and two specially trained occupational therapists administered all the cognitive tests.
Data analyses
Data are presented as means±SD and frequencies. Linear mixed models were used to assess whether self-reported daily alcohol consumption (assessed at the age of 70) was linked to the performance on the TMT-A and TMT-B at the ages of 70 and 77 as well as to their 7-year difference. Alcohol intake was modeled as a continuous variable (g/day; n=652) and as two categorical variables: (1) drinks per day-with one standard drink equaling 12 g of pure alcohol (Carlsson et al. 2003 ) and excluding n=39 with intake between 0 and 1.0 g (Stampfer et al. 2005 ) (leaving n= 613), and (2) quintiles-to be able to compare equally sized groups (n=652) (Fig. 1) . Alcohol intake per quintile was as follows: 0-0.96, 0.97-3.29, 3.30-6.42, 6.43-11.63 , and >11.64 g/day. The higher education level as observed in individuals reporting three or more alcoholic drinks per day (Table 1 ) may suggest residual confounding by education. We therefore repeated the analyses modeling alcohol as a categorical variable excluding the individuals reporting three or more drinks per day. All analyses were adjusted for potential confounding variables, i.e., those possibly related to both cognitive function and alcohol intake: highest educational degree, level of physical activity (four levels), total dietary energy intake (kcal/day), smoking (yes/no), BMI (kg/m 2 ), a history of hypertension (yes/no), history of diabetes (yes/no), HDL and LDL cholesterol levels (mmol/L), and APO-E ε4 status. Data were analyzed using SPSS software (SPSS Inc, Chicago, IL, USA). Results at a p value of <0.05 were considered significantly different. Table 2 shows the results of the TMT-A and TMT-B at the ages of 70 and 77 and associations with self-reported alcohol intake. Alcohol intake at the age of 70 was associated with better cognitive performance on the TMT-B on ages 70 and 77. Alcohol intake did, however, not modulate the difference in performance on the cognitive tests at ages 70 and 77 (Table 2) . Association patterns did not change when excluding individuals who reported three or more alcoholic drinks per day (data not shown) or when analyzing alcohol intake as a continuous variable (Fig. 2 ) or in quintiles (Table 2) . Also, stratification by APO-E ε4 presence did not reveal significant effects of alcohol intake on cognitive function in non-carriers vs. carriers (data not shown).
Results
Discussion
Moderate alcohol consumption is a widely accepted behavior. For instance, at scientific conferences, social evenings are typically announced as an important activity during which one to two glasses of wine will not only help build scientific collaborations, but also benefit participants' hearts and minds, as suggested by various studies (e.g., Rimm et al. 1996; Neafsey and Collins 2011) . However, in terms of brain health, it is also important to note that there is also evidence to the contrary. For instance, when consuming low to moderate amounts of alcohol, middle-aged men show signs of accelerated brain aging as compared to nondrinkers (de Bruin et al. 2005) . Further, alcohol has neurotoxic properties and induces neuroinflammatory processes (Alfonso-Loeches and Guerri 2011) and increases the oxidative burden (Collins and Neafsey 2012) in the central nervous system. This, in conjunction with alcohol's strong addictive potential, makes it necessary to demonstrate in additional elderly populations that moderate alcohol consumption is a valid lifestyle factor to slow the process of brain aging. In the present population-based study involving 652 elderly men, moderate intake of alcohol showed crosssectional associations with enhanced executive function at ages 70 and 77, suggesting at first glance that alcohol when consumed in moderate amounts may benefit brain functions in the elderly. However, in contrast to these findings, moderate intake of alcohol was not linked to age-related decline in cognitive functioning, i.e., it was not linked to differences in performance on the TMT tests between ages 70 and 77. With this result in mind, our findings do not Cross Adjusted for the highest educational degree, current smoking, physical activity, total energy intake, BMI, hypertension prevalence, diabetes prevalence, HDL and LDL cholesterol, and APO-E genotype a One standard drink equals 12 g of pure alcohol (Carlsson et al. 2003) , and alcohol intake between 0 and 1.0 g is excluded from this categorization (Stampfer et al. 2005) b Linear mixed model regression was used to assess associations between alcohol intake and performance on the TMTs c Longitudinal associations refer to ΔTMT performance, i.e., difference in trail making tests between age 70 and age 77 Fig. 2 Associations (unadjusted data) between self-reported alcohol intake (g/day, n=652) and performance on the TMT-B at age 70 (left panel: β=−1.43, p<0.001) and age 77 (right panel: β=−1.91, p<0.001) confirm the view that daily moderate alcohol consumption is a recommendable strategy to slow the loss of cognitive functioning in elderly populations.
The current results are in line with findings of previous similar-sized population-based cross-sectional studies (e.g., Carmelli et al. 1999; Lindeman et al. 2005; Reid et al. 2006) . These associations were observed in study populations of, e.g., US veterans (Reid et al. 2006) , Mexican elderly (Lindeman et al. 2005) , or elderly people (showing recent instability in cognitive functioning) from the south of France (Leibovici et al. 1999) . We add to these findings showing the same associations in another relatively small cohort-from Northern Europe. However, in the current study, self-reported alcohol intake was not predictive of the difference in performance on these tests between ages 70 and 77. While this finding is in line with some previous reports in which alcohol consumption was not related to cognitive decline (Launer et al. 1996; Bond et al. 2005) , there are other studies suggesting the contrary, i.e., that moderate alcohol intake may help deter cognitive aging in the elderly (Elias et al. 1999; Ngandu et al. 2007 ). Possible reasons that may account for this discrepancy between study results include differences in cognitive tests administered to the study participants, lifestyle (e.g., combination of lifestyle factors that may result in a "survivor bias"), follow-up period, genetic polymorphisms (e.g., alcohol dehydrogenase, APO-E ε4), or drinking practices (e.g., daily drink for lunch vs. intoxication at weekends). Further, some studies included women only (Stampfer et al. 2005) or observed that the association between moderate alcohol intake and cognitive function was significant in females but not in males (e.g., McGuire et al. 2007) . Finally, in the current study, moderate alcohol intake was linked to the performance on the TMT-B at age 70 but not to its change between ages 70 and 77. One possible explanation for this discrepancy is residual confounding, as moderate drinkers may have more moderate, and perhaps healthier, lifestyles than abstainers or heavy drinkers. As our study findings are based on correlational analyses, we cannot examine whether the effect of moderate alcohol consumption on cognitive functioning is of causal nature.
Strengths and limitations
Results from self-reported alcohol intake have been shown to be consistent with independent 7-day dietary records (Risérus and Ingelsson 2007) . In addition, modeling alcohol intake as a continuous or as a categorical variable did not change the results. Finally, the trail making tests assessing cognitive processing speed are considered sensitive measures of age-related cognitive decline (Giovagnoli et al. 1996) . In this context, it is important to note that this cognitive test does not encompass all aspects of cognitive function. Further, we previously showed that poor performance on the TMT-B was an independent predictor of brain infarcts in ULSAM (Wiberg et al. 2010) . However, there are also several limitations that may apply to our study findings. The individuals that did not complete the cognitive tests at age 70 reported lower alcohol intake than those who completed the tests, and no information was available on drinking patterns or on alcohol consumption before the age of 70. The group that reported to drink no alcohol may, e.g., include former drinkers-and some of these people may abstain because of illness or former alcohol abuse ("sick quitter effect"). In addition, some associations between alcohol consumption and a number of disorders have been found to be J-shaped or U-shaped (Ronksley et al. 2011) . However, in our population of 652 elderly men, only 4 % reported an alcohol intake greater than 24 g/day. Thus, we cannot exclude that daily alcohol intake may show a non-linear association with cognitive functions in elderly subjects. Finally, the cohort included cognitively healthy elderly men only. Thus, generalization to the effects of alcohol intake on cognitive functions and cognitive aging on females, other age groups, and cognitively impaired individual is not appropriate.
Conclusion
The current results demonstrate that self-reported alcohol intake of elderly men is positively associated with executive functioning, a cognitive modality that shows the greatest decline during late life (Giovagnoli et al. 1996) . However, in contrast to these findings, moderate alcohol consumption did not affect the age-related decline in cognitive performance on the trail making tests. Although current findings do not indicate a harmful effect of alcohol on executive functioning, they do not support the view that daily moderate alcohol consumption is a recommendable strategy to slow cognitive aging in elderly Swedish populations.
